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Abstract
Blunted cortisol responses to stress or trauma have been linked with genetic (familial)
risk for both alcoholism and post-traumatic stress-disorder (PTSD). Mouse lines selectively
bred for high (HAP) or low (LAP) alcohol preference may be a relevant model of genetic risk for
co-morbid alcoholism and PTSD in humans. HAP mice show greater fear-potentiated startle
(FPS), a model used to study PTSD, than LAP mice. The relation between corticosterone
(CORT) and FPS behavior was explored in four experiments. Naïve male and female HAP2
and LAP2 mice received fear-conditioning or control treatments and CORT levels were
measured before and immediately after fear-conditioning or FPS testing. In two other
experiments, HAP2 mice received CORT (1.0, 5.0, or 10.0 mg/kg) or a glucocorticoid receptor
antagonist (mifepristone; 25.0 and 50.0 mg/kg) 30 min before fear-conditioning. HAP2 mice
exposed to fear-conditioning and to control foot shock exposures showed lower CORT after the
fear-conditioning and FPS testing sessions than LAP2 mice. A trend toward higher FPS was
seen in HAP2 mice pretreated with 10.0 mg/kg CORT and CORT levels were the lowest in this
group, suggesting negative feedback inhibition of CORT release. Mifepristone did not alter
FPS. Overall, these results are consistent with data in humans and rodents indicating that lower
cortisol/CORT levels after stress are associated with PTSD/PTSD-like behavior. These findings
in HAP2 and LAP2 mice suggest that a blunted CORT response to stress may be a biological
marker for greater susceptibility to develop PTSD in individuals with increased genetic risk for
alcoholism.

KEY WORDS: alcohol, corticosterone, fear-potentiated startle, genetic correlation, mifepristone,
PTSD
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Introduction
Alcoholism has a high incidence of co-morbidity with post-traumatic stress disorder
(PTSD) (Kessler et al. 1995). Accumulating evidence suggests that the risk for developing comorbid alcoholism and PTSD stems from inherited genetic and biological factors that influence
the risk for both conditions (Sartor et al. 2011; Xian et al. 2000). Risk for psychiatric disease is
determined by complex gene x environment interactions. Exposure to environmental stressors
is thought to increase the risk for developing both alcoholism and PTSD (McEwen 2000).
Stressors activate the hypothalamic-pituitary-adrenal (HPA) axis resulting in the release
of glucocorticoids [cortisol in humans and corticosterone (CORT) in rodents] from the adrenal
gland that bind to mineralocorticoid (MR) and glucocorticoid receptors (GR) in the brain.
Through coordinated actions, MR and GR activation prepares the organism, both physiologically
(de Kloet & Reul 1987) and psychologically (Putman & Roelofs 2011), to deal with the stressor
and return the activated systems to a homeostatic level of functioning. Genes that regulate
HPA axis function have been identified as important candidates for determining how
environmental stressors may interact with genotype to influence vulnerability or resiliency to
alcoholism (Clarke et al. 2008) and PTSD (Mehta & Binder 2012).
Both alcoholism (Adinoff et al. 2005; Sorocco et al. 2006) and PTSD (de Kloet et al.
2006) are associated with altered HPA axis responses to stress. Findings in the PTSD literature
have led to the hypothesis that low cortisol response to trauma (Yehuda et al. 1998) and/or
enhanced negative feedback inhibition of the HPA axis (Yehuda 2001) may be a risk factor for
PTSD. Further, increased GR sensitivity has been proposed as a mechanism for the
association between lower cortisol and PTSD (Yehuda, 2001) and various alterations in GR
signaling mechanisms have been linked with risk for PTSD (van Zuiden et al. 2012). However,
it is not clear whether alterations in GR signaling are present before the onset of PTSD, occur
as a consequence of PTSD (de Kloet et al. 2008), or both.
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A functional relationship between cortisol and PTSD is supported by reports that
administration of cortisol (hydrocortisone) to people during septic shock has been shown to
reduce the subsequent development of PTSD (Schelling et al. 2001) and reduces PTSD
symptoms in people who already have PTSD (Aerni et al. 2004). In rats, a blunted CORT
response to stress is associated with PTSD-like behavior (Cohen et al. 2006; King et al. 2001;
Zoladz et al. 2012) and CORT administration prior to stressor exposure reduced anxiety-related
behaviors in an animal model of PTSD (Cohen et al. 2006; Cohen et al. 2008). Evidence
suggests that the therapeutic effects of glucocorticoid administration in both humans and
rodents may be due to glucocorticoid-induced impairment of memory retrieval (de Quervain
2008) and/or facilitation of memory extinction via GR activation (Yang et al. 2006). On the other
hand, GR activation can also produce anxiogenesis (Jakovcevski et al. 2011) and
pharmacological antagonism of GR has been shown to reduce fear and anxiety-related behavior
in rodents (Calvo and Volosin, 2001; Jakovcevski et al. 2011; Zhou et al. 2010) and PTSD
symptoms in humans (Golier et al. 2012).
Fear-conditioning models in rodents are commonly used to study fear-related behavior
to understand processes that contribute to anxiety and fear-related disorders, such as PTSD
(Kim & Jung 2006). In our laboratory, we utilize the fear-potentiated startle (FPS) procedure
which produces a classically conditioned fear behavior, evidenced by a potentiated acoustic
startle response, in the presence of a light cue previously associated with foot shock (Davis et
al. 1993). FPS has been suggested to be a particularly relevant model for associative learning
processes that may contribute to PTSD symptomatology (Grillon et al. 1996).
Work in our laboratory has focused on characterizing biological and behavioral
phenotypes in mouse lines selectively bred for high (HAP) or low (LAP) alcohol preference.
Selectively bred rodent models are useful for identifying traits that are genetically related, or
“correlated,” and results from these models help to identify mechanisms that underlie the
correlated traits. Our prior findings indicate a positive genetic correlation between FPS and
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alcohol preference in two separate sets of the HAP/LAP mouse lines (replicates 1 and 2)
(Barrenha & Chester 2007; Barrenha et al. 2011). These data suggest that common genes
regulate the propensity toward high alcohol preference and fear-related behavior, as measured
by FPS. We posit that these mouse lines represent a unique and relevant model to explore
genetic and biological mechanisms that may contribute to co-morbid alcoholism and PTSD in
humans.
The purpose of the present study was to explore the genetic relationship between
stress-induced CORT levels and FPS behavior in the HAP2 and LAP2 selected mouse lines.
Based on findings in the human and rodent literature, it was hypothesized that HAP2 mice
would show a reduced CORT response to fear conditioning and testing compared to LAP2
mice, indicating a negative genetic correlation between FPS/alcohol preference and CORT
response to fear-conditioning and fear cues. We also examined the effect of administering
exogenous CORT or a GR antagonist (mifepristone) on the acquisition of FPS in HAP2 mice
based on the previously discussed literature indicating that both agonists and antagonists of GR
reduce anxiety-related behavior in rodents and humans.

Materials and Methods
Subjects
Subjects were alcohol-naïve adult male and female HAP2 and LAP2 mice. These
mouse lines were selectively bred from a progenitor population of outbred HS/Ibg mice (Institute
of Behavioral Genetics, Boulder, CO) at the Indiana Alcohol Research Center in Indianapolis, IN
(Oberlin et al. 2011). Subjects were derived from 69 different HAP2 families and 43 different
LAP2 families from multiple generations of selection. In experiment 1, HAP2 mice were from
generations 31, 34, 37, and 39; LAP2 mice were from generations 35, 37, and 39. In

experiment 2, HAP2 mice were from generations 23, 27, 31, 37, and 39; LAP2 mice
were from generations 23, 27, 31, and 39. In experiment 3, HAP2 mice were from
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generations 27, 29, 31, and 34. In experiment 4, HAP2 mice were from generation 42. Multiple
replications of the experiments were conducted and subject representation in each replication
was balanced across line, sex, age, and litter of origin to the best extent possible. On the first
day of each experiment, mice were between 63-119 (HAP2: 63-119, LAP2: 63-118; experiment
1), 82-422 (HAP2: 82-422, LAP2: 84-347; experiment 2), 97-163 (experiment 3), and 55-129
(experiment 4) days old. Mice were housed in polycarbonate cages (29.2 x 19.0 x 12.7 cm) with
aspen wood shavings in groups of 2-4 per cage. Ambient room temperature was maintained at
21 ± 2C. Mice had free access to food (Rodent Lab Diet 5001, Purina Mills Inc., St Louis, MO)
and water in the home cage at all times, except when testing procedures took place.
Experimental procedures were conducted during the light phase of a 12:12 light:dark cycle
(lights off at 19:00).
Experimental procedures were approved by the Purdue Animal Care and Use
Committee and conducted in accordance with the Guide for the Care and Use of Laboratory
Animals.

Drugs
CORT (Sigma-Aldrich, St Louis, MO, USA) was dissolved in a 20% 2-Hydroxypropyl-βcyclodextrin solution (Sigma-Aldrich) and administered IP at doses of 1.0, 5.0, and 10.0 mg/kg
(10 ml/kg). Mifepristone (Sigma-Aldrich) was suspended in a 0.5% low viscosity
carboxymethylcellulose solution (Sigma-Aldrich) and administered IP at doses of 25.0 and 50.0
mg/kg (10 ml/kg).

Apparatus
FPS was assessed using two dark, sound-attenuated Coulbourn Instruments (Allentown,
PA, USA) Animal Acoustic Startle System chambers, as previously described (Barrenha &
Chester 2007). Startle stimuli consisted of 100 dB, 40 msec white noise bursts (frequency
6

range: 20 Hz-20 kHz). Both the acoustic startle response and tactile startle response were
measured as the amount of force in grams exerted against a weight-sensitive platform during
the 200 msec after the onset of each acoustic stimulus or foot shock stimulus, respectively. The
force measurement does not include the subject’s bodyweight. A ventilating fan provided
continuous 70-71 dB background noise.

FPS Procedures
FPS procedures consisted of one conditioning and one test session separated by 24 hrs.
During each conditioning session, fear-conditioned groups received 40 trials of a 30-sec, 7 W
light stimulus paired with a 0.5-sec, 0.8 mA foot shock [2-min intertrial interval]. The foot shock
occurred during the last 0.5 sec of the light stimulus presentation. Control groups (experiments
1 and 2) received the same number and sequence of light and shock presentations as the fearconditioned group but these stimuli were explicitly unpaired during each of the 40 2-minute
intervals (interstimulus range 1-118 sec). Tactile startle responses were measured during
conditioning sessions. The FPS test session consisted of a 5-min habituation period followed
by 36 total trials (2-min ITI) presented on a random schedule (range: 12-108 sec) to reduce
habituation to any single trial type. Twelve of the trials were blank (no stimuli; 40 msec), 12
were noise-alone (100 dB, 40 msec), and 12 were light (7 W, 30 sec) + noise (100 dB, 40
msec). On light + noise trials, the noise stimulus was presented immediately after the light
stimulus ended. FPS parameters were chosen based on our previous work in HAP2/LAP2 mice
(Barrenha et al. 2011).

Blood Collection
Blood samples were obtained from the submandibular vein (Golde et al. 2005). A 5.0
mm sterile GoldenRod Animal Lancet (MEDIpoint, Inc., Mineola, NY) was used to puncture the
skin at the hinge of the jawbones and approximately 0.05-0.1 ml of whole blood was collected
7

within < 1 minute into heparinized capillary tubes (VWR International, West Chester, PA).
Samples were kept on ice until centrifugation and plasma extraction and then plasma was
frozen at -80ºC until CORT analyses.
CORT Analyses
CORT levels in blood were determined using a competitive enzyme (sheep polyclonal
antibody to CORT) immunoassay kit from Enzo Life Sciences (Farmingdale, NY). Optical
densities were read on a microplate reader at 405 nm wavelength. CORT values were
interpolated from standard curves using a multiple parameter curve fitting program (Assay
Blaster!; Enzo Life Sciences). Samples were analyzed in duplicate and averaged. Duplicate
samples with a coefficient of variation greater than 30%, or samples with a duplicate value of
less than 0, were subjected to the Dixon Extreme Score Test (Dixon 1950). Each of the two
flagged values in the pair was compared to the average CORT values for that particular
subgroup. If neither flagged value passed the outlier test, the average of the 2 values was
used. If one of the 2 values passed the outlier test, the other (non-outlier) value for that subject
was used as the valid value. If both of the 2 values passed as outliers, the subject was
removed from all analyses. Following this procedure, CORT values from each sample time
point were ranked within line/sex and treatment group subgroups, where applicable, and
screened for outliers using the Dixon Extreme Score Test. Subjects were removed from all
analyses if a CORT value passed the outlier test. Outlier analyses resulted in the removal of 5
subjects from Experiment 1, 10 from Experiment 2, 4 from Experiment 3, and 1 from Experiment
4.

Study Procedures
General Timeframes for Blood Sampling and FPS procedures
Baseline blood samples were taken 22-24 hrs before (experiments 1, 3, 4) or
immediately before (experiment 2) the fear-conditioning session, between 0800-1200, during
8

the light portion of the light:dark cycle when circulating CORT levels are low (de Kloet & Reul
1987). Three additional blood samples were taken at 0 (immediately after), 1, and 2 hrs after
the end of the fear-conditioning session (experiments 1, 3, and 4) or after the FPS test session
(experiment 2). However, to simplify data presentation, only CORT levels measured
immediately after the conditioning or test session are reported below, given that the additional
CORT measurements at 1 and 2 hrs showed a similar pattern to that seen at the 0 hr time point.
Drug or vehicle treatments were administered 30 min before the start of the fear-conditioning
sessions in experiments 3 and 4.

Experiment 1: CORT in Relation to Fear Conditioning
Ninety-five HAP2 (52 males, 43 females) and 89 LAP2 (40 males, 49 females) mice
were randomly assigned to either a fear-conditioned (FC; paired light + shock), control (CON;
unpaired light and shock), or no-shock group (NS; light only).

Experiment 2: CORT in Relation to Fear Testing
One-hundred and nine HAP2 (52 males, 57 females) and 105 LAP2 (50 males, 55
females) mice were randomly assigned to either a FC or CON group.

Experiment 3: Effects of CORT Treatment Before Fear Conditioning on FPS
One-hundred and two HAP2 (50 males, 52 females) mice were randomly assigned to
one of four CORT dose groups: vehicle, 1.0 mg/kg, 5.0 mg/kg, or 10.0 mg/kg and all groups
were fear-conditioned.

Experiment 4: Effects of Glucocorticoid Receptor Antagonist (Mifepristone) Treatment
Before Fear Conditioning on FPS
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Forty-one HAP2 (21 males, 20 females) mice were randomly assigned to one of three
Mifepristone dose groups: vehicle, 25.0 mg/kg, or 50.0 mg/kg and all groups were fearconditioned.

Statistical Analyses
All 12 startle responses on each trial type (noise-alone, light + noise) were averaged for
each mouse. Mice were removed from all analyses if their average startle response value on
either the noise-alone or light + noise trials did not exceed the average value obtained on blank
(no stimulus) trials. Applying this criterion resulted in the removal of 4 subjects from Experiment
1 and 8 from Experiment 2. The % FPS measure was obtained using proportional change
scores calculated using the following formula: [((startle amplitude on light + noise trials – startle
amplitude on noise-alone trials)/startle amplitude on noise-alone trials) x 100]. Thus, the % FPS
measure adjusts for individual and group differences in startle response magnitude that may be
observed on noise-alone trials and is an accurate method for detecting selective effects of
pharmacological compounds on FPS (Walker & Davis 2002).
Data were analyzed using analysis of variance (ANOVA) with Line (HAP2, LAP2), Sex
(male, female), Conditioning Group (FC, CON, NS) and Treatment Group (vehicle, 1.0, 5.0, 10.0
mg/kg CORT or vehicle, 25.0, and 50.0 mg/kg mifepristone) as between-group factors. In some
cases only higher order interactions are reported from the overall ANOVAs to simplify data
presentation. Lower-order ANOVAs and Tukey’s t-test were used to explore interactions and
main effects. Pearson product moment correlation coefficients were generated to assess
relationships between variables. Analysis of co-variance (ANCOVA) was used in some cases
when significant correlations with age and body weight were found. Probability values ≤ 0.05
were considered to be significant. In some cases, trends with a p value less than 0.1 were
investigated with lower order ANOVAs to increase power to detect significant differences
between relevant groups.
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Results
Experiment 1: CORT in Relation to Fear Conditioning
% FPS
ANOVA (Line x Sex x Conditioning Group) indicated significant main effects of Line
[F(1,183)=15.2, p<0.01; HAP2>LAP2] and Conditioning Group [F(2,183)=23.9, p<0.01;
FC>CON and FC>NS] and a Sex x Conditioning Group interaction [F(2,183)=5.9, p<0.01].
Post-hoc one-way ANOVAs of Conditioning Group within each sex indicated that this interaction
was due to a significantly greater % FPS in males than females in the FC group only
[F(1,62)=5.6, p<0.05] . Line effects were also examined within each conditioning group which
showed a main effect of Line (HAP2>LAP2) in both the FC [F(1,62)=6.5, p=0.01] and the CON
[F(1,61)=4.4, p<0.05] group (Figure 1).
_____________________
Insert Figure 1 about here
_____________________

Startle on pre-conditioning and noise-alone trials
For startle on preconditioning trials, ANOVA (Line x Sex) showed a main effect of Line
[F(1,183)=26.3, p<0.01; HAP2>LAP2]. For startle on noise-alone trials, ANOVA (Line x Sex x
Conditioning Group) indicated a Line x Conditioning Group interaction [F(2,183)=5.5, p<0.01].
Post-hoc analyses showed Line effects (HAP2>LAP2) within each conditioning group [FC:
F(1,62)=11.9, p<0.01; CON: F(1,61)=26.2, p<0.01; NS: F(1,58)=6.3, p<0.05] and a Conditioning
Group effect in HAP2 [F(2,94)=9.6, p<0.01] due to greater startle on noise-alone trials in both
the FC and CON groups relative to the NS (Ps<0.05). Startle on preconditioning and noisealone trials was not correlated with % FPS.
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Tactile startle response to foot shock
Tactile startle was positively correlated with body weight (r=0.5, p<0.01). Mean body
weights for subgroups were as follows: 25.8±0.4 (HAP2 male), 23.0±0.3 (HAP2 female),
25.5±0.3 (LAP2 male), and 22.0±0.3 (LAP2 female) with ANOVA showing main effects of Line
[F(1,183=4.0 p<0.05; HAP2>LAP2] and Sex [F(1,183)=92.6, p<0.01; male>female]. ANCOVA
(Line x Sex x Conditioning Group with body weight as a co-factor) on tactile startle response
showed a Line x Sex interaction [F(1,124)=4.8, p<0.05] due to greater tactile startle response in
HAP2 than LAP2 males [F(1,64)=4.6, p<0.05] and in HAP2 males than HAP2 females
[F(1,62)=5.3, p<0.05]. Tactile startle was not correlated with % FPS.

Baseline CORT
Table 1 shows baseline CORT as a function of line and sex. Baseline CORT was
negatively correlated with body weight (r=-0.2, p<0.05). ANCOVA (Line x Sex with body weight
as a co-factor) indicated a Line x Sex [F(1,183)=15.2, p<0.01] interaction. Post-hoc one-way
ANOVAs indicated a Line effect in females only [F(1,91)=9.1, p<0.01; HAP2>LAP2] and a Sex
effect in HAP2 only [F(1,94)=19.9, p<0.01; female>male]. Baseline CORT was not correlated
with % FPS.
_____________________
Insert Table 1 about here
_____________________

CORT (ng/ML) immediately after the conditioning session
CORT after the conditioning session was negatively correlated with body weight (r=-0.2,
p<0.01). Also, because there were line and sex differences in baseline CORT [even though
there was no significant correlation between baseline CORT and CORT levels after the
conditioning session (r=-0.1, p=0.06], baseline CORT and body weight was included as a cofactor in the following analyses. ANCOVA (Line x Sex x Conditioning Group) indicated Line x
12

Sex [F(1,183)=3.8, p=0.05] and Line x Conditioning Group [F(2,183)=4.6, p=0.01] interactions.
The interactions were due to Line effects (LAP2>HAP2) in males [F(1,91)=4.7, p<0.05] and in
the FC group [F(1,62)=13.1, p<0.01] (Figure 2). CORT after the conditioning session was not
correlated with % FPS.
_____________________
Insert Figure 2 about here
_____________________

Experiment 2: CORT in Relation to Fear Testing
% FPS
ANOVA (Line x Sex x Conditioning Group) indicated a significant main effect of
Conditioning Group [F(1,213)=32.3, p<0.01; FC>CON] and a Line x Conditioning Group
interaction close to significance [F(1,213)=3.1, p=0.08]. Line comparisons within each
conditioning group showed a Line effect in the FC groups [F(1,116)=3.9, p=0.05; HAP2>LAP2]
but not CON groups. Conditioning group comparisons within each line showed Conditioning
Group effects in each line (Fs>7.8, Ps<0.01; FC>CON) (Figure 3).
_____________________
Insert Figure 3 about here
_____________________

Startle on pre-conditioning and noise-alone trials
Due to an experimental error, 39/214 mice were not weighed in this experiment. Based
on an N of 175, pre-conditioning startle was negatively correlated with body weight (r=-0.2,
p=0.01). Analyses were conducted with and without body weight as a co-factor yielding Line
effects in both analyses (Fs>19.0, Ps<0.01; HAP2>LAP2) and a Sex effect with body weight as
a co-factor [F(1,174)=13.6, p<0.01; male>female]. Noise-alone startle was positively correlated
with age (r=0.2, p=0.01). ANCOVA (Line x Sex x Conditioning Group with age as a co-factor)
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on noise-alone startle showed a main effect of Line [F(1,213)=31.6, p<0.01; HAP2>LAP2].
Startle on preconditioning and noise-alone trials was not correlated with % FPS.

Tactile startle response to foot shock
Tactile startle was positively correlated with age (r=0.3, p<0.01) and body weight (r=0.4,
p<0.01). Mean body weights for subgroups were as follows: 28.0±0.5 (HAP2 male), 25.1±0.4
(HAP2 female), 27.9±0.7 (LAP2 male), and 25.6±0.7 (LAP2 female) with ANOVA showing a
main effect of Sex [F(1,174)=18.4, p<0.01; male>female]. ANCOVA (Line x Sex x Conditioning
Group with age as a co-factor) on tactile startle response indicated a significant main effect of
Sex [F(1,213)=38.7, p<0.01; male>female]; this effect was still found when body weight was
also included as a co-factor. Tactile startle was not correlated with % FPS.

Baseline CORT
ANOVA (Line x Sex) indicated a significant main effect of Sex [F(1,213)=8.2, p<0.01;
female>male] (Table 1). Baseline CORT was not correlated with % FPS.

CORT (ng/ML) immediately after FPS test session
CORT immediately after the FPS test session was positively correlated with age (r=0.2,
p<0.05) and body weight (r=0.3, p<0.01). Also, because there were sex differences in baseline
CORT (even though there was no correlation between baseline CORT and CORT after the test
session), baseline CORT, age, and body weight were included as co-factors in the following
analyses. ANCOVA (Line x Sex x Conditioning Group) indicated a main effect of Line
[F(1,174)=5.9, p<0.05; LAP2>HAP2] (Figure 4). CORT after the FPS test session was not
correlated with % FPS.
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_____________________
Insert Figure 4 about here
_____________________

Experiment 3: Effects of CORT Treatment before Fear Conditioning on FPS
% FPS
% FPS was negatively correlated with age (r=-0.2, p<0.05). ANCOVA (Sex x Dose
Group with age as a co-factor) of % FPS indicated no significant effects (Figure 5).
_____________________
Insert Figure 5 about here
_____________________
Startle on pre-conditioning and noise-alone trials
Pre-conditioning and noise-alone startle were positively correlated with age (rs=0.4,
Ps<0.01). ANCOVAs (Sex x Dose Group with age as a co-factor) showed no effects on
preconditioning startle and a main effect of Sex [F(1,101)=4.3, p<0.01; male>female] on noise
alone startle. Startle on preconditioning (r=-0.2, p<0.05) and noise-alone (r=-0.3, p<0.01) trials
was negatively correlated with % FPS.

Tactile startle response to foot shock
Tactile startle was positively correlated with body weight (r=0.2, p<0.05). Mean body
weights for subgroups were as follows: 27.9±0.4 (HAP2 male) and 25.0±0.3 (HAP2 female) with
ANOVA showing a main effect of Sex [F(1,101)=34.7, p<0.01; male>female]. ANCOVA (Sex x
Dose Group with body weight as a co-factor) on tactile startle response indicated a significant
main effect of Sex [F(1,101)=6.4, p=0.01; male>female]. Tactile startle was not correlated with
% FPS.
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Baseline CORT
Baseline CORT was negatively correlated with age (r=-0.3, p=0.01) and body weight (r=
-0.2, p=0.05). ANCOVA (Sex with age and body weight as a co-factors) indicated a significant
main effect of Sex [F(1,101)=10.4, p<0.01; female>male] (Table 1). Baseline CORT was not
correlated with % FPS.

CORT (ng/ML) immediately after conditioning session
CORT after the conditioning session was negatively correlated with body weight (r=-0.3,
p<0.01). Because there were sex differences in baseline CORT [even though there was no
correlation between baseline CORT and CORT after the conditioning session], baseline CORT
and body weight were included as a co-variate in the following analyses. ANCOVA (Sex x Dose
Group) indicated a main effect of Treatment [F(3,101)=4.0, p=0.01; Tukey’s indicated 5.0 and
10.0 mg/kg groups < Vehicle group (p<0.05)] (Figure 6). CORT after the conditioning session
was not correlated with % FPS.
_____________________
Insert Figure 6 about here
_____________________

Experiment 4: Effects of Glucocorticoid Receptor Antagonist (Mifepristone) Treatment
Before Fear Conditioning on FPS
% FPS
% FPS was negatively correlated with baseline CORT (r=-0.3, p=0.05). ANCOVA (Sex x
Dose Group with baseline CORT as a co-factor) of % FPS indicated no significant effects
(Figure 7).
_____________________
Insert Figure 7 about here
_____________________
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Startle on pre-conditioning and noise-alone trials
ANOVAs (Sex x Dose Group) showed no significant effects.

Tactile startle response to foot shock
Mean body weights for subgroups were as follows: 26.9±0.5 (HAP2 male) and 24.0±0.6
(HAP2 female) with ANOVA showing a main effect of Sex [F(1,40)=11.9, p<0.01; male>female].
ANOVA (Sex x Dose Group) on tactile startle response indicated a main effect of Sex
[F(1,40)=10.7, p<0.01; male>female]. Tactile startle was not correlated with % FPS.

Baseline CORT
Baseline CORT was negatively correlated with body weight (r=-0.3, p<0.05). ANCOVA
(Sex with body weight as a co-factor) showed no significant effects. Baseline CORT was
negatively correlated with % FPS (r=-0.3, p<0.05).

CORT (ng/ML) immediately after conditioning session
ANOVA (Sex x Dose Group) showed a Sex x Dose Group interaction [F(2,40)=3.9,
p<0.05] due to a treatment effect in females close to significance [F(2,19)=3.3, p=0.06; Tukey’s
indicated Vehicle group <25.0 mg/kg group (p=0.056)]. CORT after the conditioning session
was not correlated with % FPS.
_____________________
Insert Figure 8 about here
_____________________

Discussion
Animal models are helpful in identifying and disentangling the mechanisms of gene x
environment interactions and how they influence the expression of co-morbid disorders in
humans. Rodents selectively bred for high or low alcohol preference, such as the HAP2 and
17

LAP2 lines, have long been used to identify genetically correlated traits and associated
mechanisms related to alcoholism in humans (Crabbe et al. 2010). Our prior work in HAP/LAP
lines indicates that common genes regulate alcohol preference and propensity toward fearrelated behavior. HAP lines show greater FPS than LAP lines (Barrenha and Chester, 2007;
Barrenha et al, 2011; Barrenha et al. 2012) and this correlated trait was again demonstrated in
the current study.
We found support for our hypothesis that HAP2 mice would show a reduced CORT
response to fear-conditioning and testing compared to LAP2 mice. These data are consistent
with reports in rats in which blunted CORT response to stress is associated with PTSD-like
behavior (Cohen et al, 2006; King et al, 2001; Zoladz et al. 2012). Lower stress-induced CORT
in HAP2 mice is also consistent with a report by Prasad and Prasad (1995) who showed that
rats selectively bred for high alcohol preference [alcohol-preferring (P)] had lower levels of
stress-induced CORT compared to rats selectively bred for low alcohol preference [alcoholnonpreferring (NP)].
Our findings are also consistent with human studies in which people with increased
genetic risk for alcoholism (Adinoff et al. 2005; Sorocco et al. 2006), and with PTSD (de Kloet et
al. 2006; Yehuda et al. 1998), show blunted cortisol responses to stress, trauma, or situational
reminders. In humans, however, it is still an open question as to whether the blunted cortisol
response is present before the onset of PTSD, occurs as a consequence of PTSD (e.g., de
Kloet et al. 2008), or both. Many studies indicate that abnormalities are present before the
trauma and subsequent development of PTSD. For example, low cortisol levels have been
found in healthy individuals who are at greater risk for developing PTSD (family history positive;
Yehuda, 2001) and several reports indicate that acute cortisol responses in people who
developed PTSD were blunted in the immediate hours after the trauma (Yehuda, 1998). It
should be noted that we did not find consistent line differences in baseline CORT (HAP2
females>LAP2 females in Experiment 1 only) and baseline CORT was not correlated with %
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FPS in any study. This is an important point because low baseline cortisol has been reported in
people at risk for developing PTSD (Yehuda 2001). Taken together with the human and rat
data, these results in HAP2/LAP2 mice are consistent with the idea that lower CORT response
to stressful and anxiogenic stimuli may be a pre-morbid biological marker for risk to develop comorbid alcoholism and PTSD.
Neither CORT (experiment 3) nor mifepristone (experiment 4) altered FPS when
administered to HAP2 mice prior to fear-conditioning. Data from experiment 3 do not support
findings in rats where exogenous CORT treatment prior to stressor exposure reduced PTSD-like
behaviors (Cohen et al., 2006; Cohen et al. 2008) or in humans where administration of cortisol
(during or after trauma) reduced the development of, and symptoms associated with, PTSD
(Aerni et al, 2004; Schelling et al, 2001). However, a trend toward higher FPS was seen in the
group pretreated with 10.0 mg/kg CORT. CORT levels were significantly lower in the 5.0 and
10.0 mg/kg CORT dose groups compared to the Vehicle group, reflecting negative feedback
inhibition of CORT release (CORT was measured 2.5 hrs after injection). This trend toward
higher FPS and lower CORT levels in this group, although not statistically significant, is
consistent with our other results where lower CORT levels are associated with greater FPS. In
a recent human study, cortisol enhanced memory retrieval in subjects with PTSD (Wingenfeld et
al. 2012). In rats, the acquisition of contextual fear learning was facilitated with repeated prior
administration of CORT (Thompson et al. 2004). Interestingly, Brinks et al. (2009) showed that
CORT (0.25 mg/kg) administration 5 min before fear-conditioning facilitated extinction of
conditioned fear in BALB/c mice but enhanced fear behavior in C57BL/6J mice, indicating that
the effect of CORT on the acquisition of fear-related behavior may depend on genetic
background.
The lack of effect of mifepristone in experiment 4 is consistent with some reports but not
others. As mentioned in the introduction, this drug has been shown to reduce stress-induced
anxiety-related behavior in rats (Calvo and Volosin, 2001) and mice (Jakovcevski et al. 2011),
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including conditioned freezing to a context (Zhou et al. 2010), and PTSD symptoms in humans
(Golier et al. 2012). On the other hand, other reports show no effect of mifepristone on stressinduced anxiety-related behavior (Korte et al. 1996; Zhou et al. 2011). It is quite likely that
methodological differences, including route of administration, type of stress/anxiety model, and
timing of drug administration, account for these discrepant results. For example, mifepristone
administered prior to training in a fear-conditioning procedure reduced freezing to context when
tested 24 hrs after training but enhanced freezing to a tone cue when tested 4 hrs after training
(Zhou et al. 2010). In contrast, mifepristone had no effect on freezing behavior when
administered prior to re-exposure to the fear context or tone cue (Zhou et al. 2011). Future
studies are necessary to explore the relative roles of MRs and GRs in modulating fearconditioned behavior in the HAP/LAP lines using experimental designs that assess
consolidation, retrieval, and extinction mechanisms of fear-related memory.
The current experiments included both male and female mice to explore whether there
were sex differences in the variables of interest. In Experiment 1, but not in experiments 2, 3 or
4, fear-conditioned males showed significantly greater % FPS than females. This finding is
consistent with a recent review of data from animal models of PTSD which indicated that, of the
few studies that have compared males and females, male animals were more susceptible
toward stress-induced anxiety (Cohen & Yehuda 2011). Males also showed greater anxietyrelated behavior than females as measured by other indices, including greater startle on preconditioning (experiment 2) and noise-alone trials (experiment 3) and greater tactile startle
responses (all 4 experiments). Greater startle reactivity in males is consistent with our prior
data in the HAP2/LAP2 lines (Barrenha & Chester 2007; Chester & Barrenha 2007) and with
other reports in both rats (Lehmann et al. 1999) and mice (Plappert et al. 2005).
Baseline CORT was higher in females than males in experiments 1 (HAP2 only), 2, 3,
but not 4. Sex differences in CORT response to fear-conditioning/FPS testing were inconsistent
across studies. A line difference (LAP2>HAP2) was seen in males in Experiment 1 (Figure 2).
20

LAP2 males also showed greater CORT after the FPS test session than males (Figure 4) but
the effect was not statistically significant with ANCOVA. However, females showed greater
CORT after the conditioning session in Experiment 3 and no sex difference was seen in
Experiment 4. We will continue to explore sex differences in HAP/LAP mice given that there are
sex differences in response to stress-induced anxiety (Wang et al. 2007).
There is significant evidence that the lower cortisol measurements associated with
PTSD are due to enhanced negative feedback inhibition on both the pituitary and central brain
sites (McFarlane et al. 2011; Yehuda 2001), perhaps driven by increased sensitivity of GRs. It
has been suggested that enhanced negative feedback inhibition can occur relatively quickly
following the trauma (McFarlane et al. 2011). Fast negative feedback can occur within 15 min
of glucocorticoid exposure and occurs via non-genomic mechanisms (Hinz & Hirschelmann
2000). Thus, the inverse relationship between CORT levels following stress and subsequent
anxiety-related behavior seen in this and other studies may in fact reflect a fast negative
feedback inhibition of CORT, rather than reduced initial output of CORT. This hypothesis could
help explain discrepancies in the literature where PTSD has been linked with enhanced cortisol
release (de Kloet et al. 2006). The current data set cannot address whether the reduced CORT
levels in HAP2 vs. LAP2 mice are due to reduced initial output of CORT or enhanced negative
feedback inhibition (blood sampling occurred after a 1-hr FPS test or after a 2-hr fear
conditioning session). Future studies need to address this issue.
HAP2 mice showed greater anxiety-related behavior than LAP2 mice as evidenced by
greater startle responses on pre-conditioning and noise-alone trials in experiments 1 and 2 and
greater tactile startle responses in experiment 1. In addition, in experiment 1, HAP2 mice in the
unpaired foot shock (CON) groups showed greater “FPS” behavior compared to HAP2 mice that
did not receive foot shock (NS groups), due to enhanced startle reactivity on light + noise trials
(Figure 1). This behavior likely reflects some form of pseudo-conditioning, perhaps due to
accidental pairings of light and foot shock during randomized stimuli presentations or to
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contextual conditioning that enhanced startle reactivity to light. The fact that HAP2 mice in the
FC and CON groups showed enhanced startle responses on noise-alone trials in this
experiment provides additional evidence for contextual conditioning (Guscott et al. 2000) and
suggests that HAP2 mice may be more prone to develop this form of anxiety/fear-related
behavior. Interestingly, although FPS was greater in FC than CON groups, these groups
showed similar levels of CORT after conditioning (Figure 2). But in experiment 2, there was an
interesting trend seen in male fear-conditioned mice, with LAP2 mice showing greater CORT
after the FPS test session than HAP2 mice (Figure 4). This result may suggest that fear-related
cues during the FPS test were stressful/anxiogenic as reflected by CORT levels in LAP2 FC
males and that this response was blunted, or negative feedback was enhanced, in the HAP2 FC
males.
In summary, these data in selectively bred mouse lines suggest that lower CORT
response to stressful/anxiogenic stimuli is correlated with genetic propensity toward high alcohol
preference and high fear-related behavior, suggesting that common genes may regulate these
phenotypes. The current data in this mouse model are consistent with a large body of literature
indicating that blunted cortisol responses to stress or trauma are linked with genetic (familial)
risk for both alcoholism and PTSD. The present and prior findings in these selected lines
suggest they are a unique and relevant animal model for increased genetic risk for developing
co-morbid alcoholism and PTSD. Additional research in these lines is warranted and should
include additional measures of anxiety-related behavior as well as responses to alcohol.
Furthermore, future work should include assessments using both HAP2/LAP2 and HAP3/LAP3
lines of mice (an independently replicated line from the same progenitor population) to provide
further confirmation of the observed genetic correlation between lower CORT response to
stressful/anxiogenic stimuli and genetic propensity toward high alcohol preference. This
research may help identify biological targets for the effective pharmacological treatment of comorbid alcoholism and PTSD in humans.
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Figure Legends
Figure 1. Mean (±SEM) % FPS in male and female HAP2 (left panels) and LAP2 (right panels)
mice in the fear-conditioned (FC; paired light + shock), control (CON; unpaired light and shock),
and no-shock (NS; light only) groups for Experiment 1. *p<0.05, HAP2>LAP2; +p<0.05,
males>females.

Figure 2. Mean (±SEM) CORT (ng/ml) immediately following the conditioning session in male
and female HAP2 (left panels) and LAP2 (right panels) mice in the fear-conditioned (FC; paired
light + shock), control (CON; unpaired light and shock), and no-shock (NS; light only) groups for
Experiment 1. *p<0.05, LAP2>HAP2, in FC collapsed across sex; +p<0.05, LAP2>HAP2, in
males, collapsed across group.

Figure 3. Mean (±SEM) % FPS in male and female HAP2 (left panels) and LAP2 (right panels)
mice in the fear-conditioned (FC; paired light + shock) and control (CON; unpaired light and
shock) groups for Experiment 2. *p=0.05, HAP2>LAP2 in FC collapsed across sex; +p<0.01,
FC>CON within each line, collapsed across sex.

Figure 4. Mean (±SEM) CORT (ng/ml) immediately following the FPS test session in male and
female HAP2 (left panels) and LAP2 (right panels) mice in the fear-conditioned (FC; paired light
+ shock) and control (CON; unpaired light and shock) groups for Experiment 2.

Figure 5. Mean (±SEM) % FPS in male (left panel) and female (right panel) HAP2 mice in the
Vehicle, 1.0 mg/kg, 5.0 mg/kg and 10.0 mg/kg CORT groups for Experiment 3. Mice received
vehicle or CORT 30 min prior to the fear-conditioning session.
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Figure 6. Mean (±SEM) CORT (ng/ml) immediately following the conditioning session in male
(left panel) and female (right panel) HAP2 mice in the Vehicle, 1.0 mg/kg, 5.0 mg/kg and the
10.0 mg/kg CORT groups for Experiment 3. Mice received vehicle or CORT 30 min prior to the
fear-conditioning session. *p<0.05, 5.0 mg/kg and 10.0 mg/kg CORT groups < Vehicle group,
collapsed across sex.

Figure 7. Mean (±SEM) % FPS in male (left panel) and female (right panel) HAP2 mice in the
Vehicle, 25.0 mg/kg and 50.0 mg/kg mifepristone groups for Experiment 4. Mice received
vehicle or mifepristone 30 min prior to the fear-conditioning session.

Figure 8. Mean (±SEM) CORT (ng/ml) immediately following the conditioning session in male
(left panel) and female (right panel) HAP2 mice in the Vehicle, 25.0 mg/kg and the 50.0 mg/kg
mifepristone groups for Experiment 4. Mice received vehicle or mifepristone 30 min prior to the
fear-conditioning session.
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